The aim of this study was to assess the dimensions of the septal cartilage available for grafting in patients undergoing open rhinoplasty and analyze whether the size of the external nose might be a useful indicator of the size and amount of harvestable septal cartilage. A prospective study was conducted on 55 Korean rhinoplasties. Intraoperative measurement of the harvested septal cartilage with preservation of 10 mm width L-strut was performed. The correlation between the quantity and size of the septal cartilage in situ with anthropometric measurements were evaluated. The mean caudal length of the harvested septal cartilage was 15.1 mm, the mean dorsal length was 18.2 mm, and the mean area was 520.9 mm 2 . Only 5 patients (9.1%) had cartilage sufficient for full-length dorsal onlay grafts, whereas 10 patients (18.2%) had septal cartilages of length Ͼ25 mm that could be used as spreader grafts. Dimensions of the septal cartilage in situ did not correlate with preoperative external nose measurements. The amount of harvested septal cartilage is usually insufficient for simultaneous use for multiple grafts in Korean. External nose size may not be a useful indicator of the availability of adequate septal cartilage for rhinoplasty. The need to harvest additional graft material should be kept in mind during preoperative planning for rhinoplasty procedures.
T he 3 potential donor sites for autologous cartilage graft material in rhinoplasty are the nasal septum, ears, and ribs. The nasal septum is most commonly used because it lies within the surgical field and therefore causes no additional donor site morbidity; the relative flatness, thickness, and hardness of the septum make it the optimal choice for rhinoplasty; and harvesting from a deviated segment of septum can have the additional benefit of improving the airway. 1 Septal cartilage can be used for several rhinoplasty procedures, including dorsal augmentation, spreader grafts, septal extension grafts, and tip grafting. However, a major limitation in the use of septal cartilage for rhinoplasty is limited availability, particularly in eastern Asian patients who have smaller noses than Caucasians. [1] [2] [3] In these patients there is always a risk of not leaving an adequate dorsal and caudal septal strut, the so-called L-strut.
We have observed a marked variation in the size of the septal cartilage among individuals, and have found that harvested septal cartilage is not always sufficient for simultaneous use in multiple grafting procedures. Cadaveric studies have also shown a significant variation in the size of the septal cartilage. 4 -7 To date, however, no correlation has been established between the size of the external nose and the size of the nasal septum to be harvested for rhinoplasty procedures. A precise preoperative assessment of the size and amount of septal cartilage would not only help in surgical planning, but would also provide valuable information on the use of additional conchal and costal cartilages. We therefore assessed the suitability of nasal septal cartilage for use in rhinoplasty grafting procedures, and we analyzed whether the size of the external nose might be a useful indicator of the size and amount of harvestable septal cartilage.
METHODS
The study population consisted of 55 patients of Korean ethnicity who had undergone rhinoplasty from January 2006 to May 2007 at the Asan Medical Center (Seoul, Korea). Patients with saddle nose deformity, a previous history of rhinoplasty or septoplasty, septal perforations, and those reluctant to participate in the study, were excluded. Based on preoperative diagnoses, the patients included 48 with nasal deviations, 9 with nasal humps, and 2 with nasal bone fractures. There were 37 men and 18 women, with a mean age of 28.4 Ϯ 11.1 years (range, 16 -49 years). The study protocol was approved by the Institutional Review Board of the Asan Medical Center, and written informed consent was obtained from all patients.
Septal cartilage was harvested as graft material for all patients, with dorsal and caudal cartilaginous strips 1 cm in width preserved. The possibility of underestimation was decreased by open rhinoplasty approach involving an inverted V-shaped transcolumellar incision. A subperichondrial dissection of septum continued between the medial crura until the septal cartilage was visualized. The septum was separated from the upper lateral cartilage attached to the nasal bone. After exposing the septal cartilage, it was harvested leaving a 10-mm L-shaped strut which was carefully measured by calipers, and then marked by a pen. The harvested cartilage was carved out into the several grafts (Fig. 1) .
To obtain accurate data on size and shape, harvested cartilage was digitally scanned and the information were analyzed utilizing Bersoft Image Measurement Standard Ver. 4.03 software (Bersoft, Inc., Perto Plata, Dominican Republic). Multiple markers were digitally placed to plot the anatomic boundaries of the nasal septum, and the program was used to calculate the complete dimensions of the septal cartilage, including both harvested cartilage and the sphenoidal process (the posterior extension of the cartilaginous septum between the perpendicular plate and the vomer) (Fig. 2) .
To determine whether the size of harvested septal cartilage was sufficient for a dorsal onlay graft, the longest length of the cartilage block with a width of 8 mm was measured in each sample (Fig. 3) . To evaluate suitability for paired spreader grafts, the longest length of a pair of available cartilage blocks above 5 mm in width was measured (Fig. 4) .
We obtained preoperative anthropometric measurements of the external nose of 35 patients to determine whether the size of the external nose correlated with the size and amount of harvestable septal cartilage for grafting. Nasal height was measured as the vertical distance between the nasion and subnasale (n-sn) and the nasal width by bialar diameters (al-al). The nasal tip protrusion (prn-sn) and the inclination of the nasal bridge (n-prn) were also measured ( Fig. 5 ). 8, 9 All demographic and anatomic data were statistically analyzed using SPSS 13.0 software (SPSS, Inc., Chicago, IL) (P Ͻ 0.05). All linear and area measurements exhibited normal distributions. The dimensions of the septum are shown as mean values with a range of 2 standard deviations.
RESULTS
Fifty-five septal cartilage specimens, harvested for grafting in various rhinoplasty procedures, were analyzed. The mean caudal length of the harvested septal cartilage was 15.1 (Ϯ3.2) mm and the mean dorsal length was 18.2 (Ϯ4.9) mm. Caudal length was greater in males than in females ( Table 1 ). The mean area of harvestable septal cartilage was 520.9 (Ϯ162.3) mm 2 ; although the area was smaller in females than in males, the difference was not statistically significant (Table 1) .
Sphenoidal processes were identified in 41 patients (74.5%), with mean length 15.2 (Ϯ7.6) mm, mean height 6.8 (Ϯ3.8) mm, and mean area 75.4 (Ϯ42.0) mm 2 . Height of sphenoidal process was greater in males than in females. Other dimensions were similar in men and women ( Table 2) .
The mean longest diameter of cartilaginous dorsal onlay grafts with a width of 8 mm was 22.1 (Ϯ4.9) mm. Dorsal onlay grafts with a preferred length of 30 mm and a preferred width of 8 mm could be harvested from only 5 patients (9.1%) (Fig. 6) . The harvestable paired spreader grafts had a mean longest diameter of 20.7 (Ϯ4.4) mm; spreader grafts with a preferred length of 25 mm and a preferred width of 5 mm could be harvested from only 10 patients (18.2%) (Fig. 6) .
The size of the external nose was preoperatively assessed in 35 patients to establish a correlation between nose size and the size of the harvestable septal cartilage. Mean nasal height of the external nose was 58.7 (Ϯ5.9) mm, mean nasal width was 42.5 (Ϯ4.8) mm, mean nasal tip protrusion was 22.9 (Ϯ3.1) mm, and mean inclination of the nasal bridge was 28.8 (Ϯ4.8) degrees. There were no significant gender differences in any of these anthropometric measurements, and these measurements showed no significant correlations with septal cartilage length or area (Table 3) .
DISCUSSION
Although the nasal septum is an important source of graft tissue for rhinoplasty, few studies have quantified the amount of nasal septum available for grafting. Moreover, these studies have used human cadavers instead of living subjects. To our knowledge, this study is the first to report in situ measurements of the dimensions of harvestable septal cartilage for rhinoplasty.
The need for an adequate amount of autologous septal cartilage for reconstructing or stabilizing the cartilaginous support structures of the nose makes cartilage availability a major concern before surgery. We found that the mean Ϯ SD area of septal cartilage was 520.9 (Ϯ162.3) mm 2 , excluding the 10-mm sized L-strut. Harvest of sepal cartilage have limited the size of the L-shaped strut to 15, 10 7 to 8, 11 or 5 to 10 mm, 12 to maintain the nasal support and decrease the risk of postoperative complications. Although shorter strut were attributed to maximize the size of the septal cartilage graft, it might increase the complication such as saddle deformity. Thus, we decided to preserve 10 mm L-shaped strut, which was found not to cause nasal deformity based on our previous rhinoplasty experience.
In a study of nasal septum anatomy of Caucasian cadavers, the mean Ϯ SD area of harvestable cartilage 421.8 (Ϯ117.8) mm 2 , excluding the L-strut. 4 Although Korean noses are generally smaller than Caucasian noses, our findings unexpectedly indicate that the areas of harvestable septal cartilage are greater in Korean than in Caucasian noses. Alternatively, these differences may reflect the relatively younger population group enrolled in our study, or our use of tissue from live, rather than cadaveric, subjects. It is also possible that bony and total septa may be larger in Caucasians than in Koreans, although this remains unclear because the nasal bony septum was not a subject of this study. We observed a sphenoidal septal process, also called the septal tail, in 74.5% of our patients, with a mean area of 75.4 mm 2 , or about 15% of the mean total harvestable septal cartilage (520.9 mm 2 ). These findings are in agreement with a study showing sphenoid septal processes in 11 of 11 fresh cadavers. 13 Although the sphenoid process is more irregular and thinner than the anterior part of the septum, it should be clinically emphasized to increase the possible amount of harvestable cartilage. Because sphenoidal processes may be useful as graft material in rhinoplasty involving the nasal tip or as camouflage grafts for the nasal dorsum, it is important to find and make full use of this additional part of the septal cartilage.
For dorsal augmentation, a full-length dorsal graft is preferred over a partial or half-length graft; the graft should be at least 30 mm in length and 8 mm in width. 3 The graft must span the entire length of the dorsum, from the radix to the septal angle, to avoid a "step-off" deformity. We found that harvested septal cartilage from only 9% of our patients could be used for dorsal onlay grafts, indicating that septal cartilage is often insufficient for dorsal augmentation and can be used only for minimal augmentation or correction of localized depressions, asymmetries, and irregularities. Although spreader grafts should measure 25 mm in length, 3 we found that only 18.2% of our patients had septal cartilages of this size. Once the septal cartilage is shaped for spreader grafting or dorsal augmentation, only a small amount is available for nasal tip work. We found that, in most of our patients, the amount of septal cartilage was insufficient for simultaneous use in both tip surgery and dorsal work, making prioritization of septal cartilage usage important during surgical planning.
When we need additional cartilage other than the septal cartilage, we prefer the conchal cartilage first. If harvested correctly and used skillfully, conchal cartilage grafts can serve as a safe, effective, and versatile alternative, particularly in tip grafting procedure. Costal cartilage has also been used in cases with severe structural deformities which can be secondary to congenital deformities, trauma, infection, or previous operations, and cases requiring large amounts of tissue for reconstruction.
We also found that the size of the external nose, as determined by anthropometric measurements, did not correlate with the size of septal cartilage, indicating that even a patient with a large nose can have very little harvestable cartilage. Therefore, before rhinoplasty procedures, all patients should be told that additional graft material may have to be harvested from other sources. Conversely, patients with smaller noses may have a sufficient amount of harvestable septal cartilage for all grafting procedures.
Although the thickness of septal cartilage is of great clinical significance, it could not be measured in our study because of variability at different areas of the nasal septum. 13 Studies on Korean cadavers have shown similar results. 5 The present study was performed on patients with deformed noses before open rhinoplasty, and did not include a cross section of the general population. In contrast to most existing reports that show female rhinoplasty patients outnumber male patients, male rhinoplasty patients outnumbered females in our study. This was because of the fact that our clinic deals with more male patients who have higher chances of having a deformed nose than female patients. Another limitation of this study was that it was performed in one specific ethnic group, Koreans; thus, our results may not be generalized to those of different ethnicities, especially to Caucasians. However, the results can be applied to East Asian ethnicities including Chinese and Japanese.
In conclusion, we have shown here that the size and the quantity of harvestable septal cartilage may be inadequate for complete rhinoplasty procedures, indicating a need for careful planning before surgery, including the possibility of harvesting grafts from other sites. We also observed a lack of correlation between the size of the external nose and the quantity and size of harvestable septal cartilage.
